Network element for use in an optical communication network, in 



particular a DWDM communication network 



BACKGROUND OF THE INVENTION 

The invention is based on a priority application EP03360055.2 
which is hereby incorporated by reference. 

The present invention relates to a network element for use in 
an optical communication network and in particular to a network 
element for use in a DWDM communication network. 

The invention further relates to an optical communication net- 
work comprising corresponding network elements. 

Optical communication networks and in particular DWDM (Dense 
Wavelength Division Multiplex) communication networks are basi- 
cally known. For instance, US 6,307,986 Bl discloses an ap- 
proach for protection switching in bidirectional WDM optical 
communication networks using transponders. The background por- 
tion of this document provides a general overview of such kind 
of networks and refers to further background literature. 



A basic idea of a DWDM communication network is to transmit a 
plurality of optical communication signals across a common 
optical fiber by using wavelength division multiplexing. This 
means that the plurality of messages to be transmitted is modu- 
lated onto a plurality of optical carrier wavelengths thereby 
providing wavelength separated communication channels for each 
message . 

The modulation process may be carried out using various modula- 
tion techniques and parameters. Each of the various alterna- 
tives is referred to as a modulation scheme in the following. 
The modulation schemes may comprise different modulation for- 
mats, such as Amplitude Shift Keying with Return-to-Zero sig- 
nals (RZ) , Amplitude Shift Keying with Non-Return-to-Zero 
(NRZ), Phase Shift Keying and in particular Differential Phase 
Shift Keying (DPSK) , Phase-Shaped Binary Transmission (PSBT) , 
and others. The modulation schemes may further comprise differ- 
ent modulation techniques, such as direct modulation of a laser 
source or external modulation of a continuous light beam pro- 
vided from a light source. Likewise, the optical network may be 
designed to communicate message signals with a specific bit 
rate in all the communication channels. 

As it is known to the skilled person in the field of optical 
communication technology, optical signals propagating along an 
optical fiber suffer from a plurality of different signal im- 
pairments, in particular from chromatic dispersion, polariza- 
tion mode dispersion, scattering and others. Since these signal 
impairments become more severe the longer the spans between an 
optical transmitter and an optical receiver is, it is difficult 
to scale up an existing optical communication network designed 
for covering short or medium distances to long haul or ultra- 
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long haul hops. Moreover, since the signal impairments are also 
dependent on the wavelength used, it is also difficult to add 
or switch to new wavelengths in an existing concept. 

Previous approaches to cope with the increasing problems of 
signal impairments in long distance optical networks have en- 
visaged the introduction of dispersion compensation devices, 
preferably adaptive compensation devices. While it is basically 
possible to increase the signal quality transmitted over long 
distance hops, such compensation devices are rather expensive 
thereby increasing the costs of the overall network concept. 
Additionally, there may be circumstances where such adaptive 
compensation devices introduce instabilities in the network. 

On the other hand, it is known to those skilled in the art that 
different modulation schemes, and in particular different modu- 
lation formats, might be differently affected by the signal 
impairments. In other words, a PSBT transmission, for instance, 
is more robust against dispersion than NRZ, for instance. A 
successful approach using PSBT is disclosed, for instance, by 
Charlet et al., "Capacity over 21 x 100 km Using Bandwidth- 
Limited Phase-Shaped Binary Transmission", ECOC'02. Likewise, a 
RZ modulation format is interestingly robust against polariza- 
tion mode dispersion, cf. Khosravani et al., "Comparison of 
Different Modulation Formats in Terrestrial Systems with High 
Polarization Mode Dispersion", OFC'00, WL5 . 

SUMMARY OF THE INVENTION 

In view of the above, it is an object of the present invention 
to provide a network element that facilitates an inexpensive 
design and installation of an optical communication network, in 
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particular a transparent optical communication network using 
DWDM. 

According to one aspect of the invention, this object is 
achieved by a network element comprising: 

a plurality of receivers for receiving optical communica- 
tion signals, 

a plurality of transmitters for transmitting optical com- 
munication signals, and 

a plurality of network connections, each network connec- 
tion having an individual signal impairment characteris- 
tic, 

wherein the pluralities of receivers and transmitters employ a 
plurality of different modulation schemes, and 

wherein the pluralities of receivers and transmitters are as- 
signed to the network connections as a function of the individ- 
ual signal impairment characteristics. 

According to another particular aspect of the invention, this 
object is achieved by using such a network element for upgrad- 
ing an existing design of an optical communication network in 
terms of distances allowed between network elements of the 
network . 

According to yet another aspect of the invention, this object 
is achieved by a method of communicating messages within an 
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optical communication network, in particular a DWDM communica- 
tion network, the method comprising the steps of: 

providing a message which is to be transmitted from a 
source network element to a destination network element, 

- modulating an optical carrier signal with the message in 
the source network element, and 

transmitting the modulated carrier signal across a network 
connection to the destination network element, 

wherein the step of modulating comprises a first sub-step of 
determining an individual signal impairment characteristic of 
the network connection, and a second sub-step of selecting a 
modulation scheme from a plurality of different modulation 
schemes as a function of the individual signal impairment char- 
acteristic determined . 

The new network element and the new method exploit the idea of 
providing a plurality of different modulation schemes, and more 
preferably a plurality of different modulation formats, with a 
suitable modulation scheme being selected depending on the 
signal impairment characteristics of the network connection 
available. In other words, for a network connection likely to 
be suffering from chromatic dispersion, for instance, a modula- 
tion scheme which is more robust against chromatic dispersion 
might be selected, while RZ or even NRZ might be used for other 
connections. The network element is therefore capable of 
switching between different modulation schemes depending on the 
individual network connection to be used. 
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Since the various modulation schemes, and in particular the 
various modulation formats, are differently susceptible against 
various signal impairments associated with various network 
connections, the communication quality in the overall network 
can be increased without using expensive adaptive compensators 
for various signal impairments. 

In particular, using different modulation schemes as a function 
of the network connection facilitates to build up an inexpen- 
sive optical communication network having an inhomogeneous 
structure of network connections due to different hop lengths 
between transmitter and receiver, for instance. Dispensing with 
adaptive compensators in such a scenario further provides the 
advantage of avoiding instabilities within the network, which 
might occur otherwise. 

Transmitters and receivers for various modulation schemes are 
already available as standard devices in DWDM technology. It is 
therefore a rather inexpensive approach to combine these de- 
vices into the new network element rather than developing and 
implementing adaptive compensation devices as envisaged as an 
alternative approach. Moreover, use of such network elements 
provides an inexpensive approach to upgrade an existing short 
haul or medium haul network to long or ultra-long haul hops. 
For the short distances, modulation schemes already employed in 
the existing network might be maintained in use, while the 
added long or ultra-long haul hops are served with more suit- 
able new modulation schemes. 

All in all, the new network element and the corresponding 
method provide a less expensive approach for establishing an 
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optical communication network suffering from various signal 
impairments. Thus, the above object is completely achieved. 

In a refinement of the invention, the network element further 
comprises a multiplexer adapted to multiplex optical communica- 
tion signals from the plurality of transmitters employing dif- 
ferent modulation schemes onto a signal optical output fiber. 

Likewise preferred, the network element further comprises a 
demultiplexer adapted to demultiplex optical communication 
signals from a single optical input fiber to the plurality of 
receivers employing different modulation schemes. 

With these refinements, the new approach is extended to the 
idea of distributing the optical spectral bandwidth available 
on an optical fiber to different modulation schemes. This re- 
finement even further contributes to an inexpensive network 
design, because a single optical fiber can be used in a more 
efficient manner without the need of expensive compensation 
devices. For instance, due to a non optimum transfer character- 
istic of an amplifier arranged in an optical fiber, some commu- 
nication channels of a DWDM signal might suffer more from sig- 
nal impairments than others. Combining channels with different 
modulation schemes into the same fiber provides an inexpensive 
approach to cope with this scenario. It is even possible to use 
less expensive amplifiers within the fiber link, which further 
contributes to reduced costs. 

In a further refinement, the network element comprises a light 
path provisioning unit configured to select one from the plu- 
rality of transmitters for a signal to be transmitted as a 
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function of an impairment parameter corresponding to a desired 
network connection . 

This refinement provides an increased flexibility, because the 
light path through the network element might be changed by 
changing or providing an appropriate parameter. The correspond- 
ing network element can thus be adapted to various operation 
conditions more easily. 

In a preferred refinement, the impairment parameter is a dis- 
tance from the network element to a target node. Accordingly, 
it is a preferred refinement of the new method, if the modula- 
tion scheme is selected depending on the distance that the 
optical communication signal has to travel. 

This refinement is particularly useful in systems employing 
optical Add-Drop-Multiplexers (OADM) , which facilitate removal 
or addition of an optical communication signal from and into 
the DWDM multiplex signal, respectively. Since the distance is 
a parameter that can be easily determined, this refinement 
provides a very simple and thus inexpensive approach to imple- 
ment the new idea. 

In a further refinement, the plurality of modulation schemes 
comprises at least some of the following modulation formats: 
NRZ, RZ, PSBT, and DPSK. 

It has turned out that these various modulation formats are 
particularly useful in order to cope with different signal 
impairment characteristics in existing network concepts. While 
NRZ, for instance, is a rather inexpensive approach, it is more 
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susceptible against chromatic dispersion than PSBT, for in- 
stance. DPSK has turned out to be very suitable for coping with 
non-linear effects, but it requires a slightly more complex 
demodulator. Combining at least some of the above-mentioned 
modulation formats provides very good results for the overall 
network. 

In a further refinement, the plurality of modulation schemes 
comprises direct modulation and external modulation of the 
optical signals to be transmitted. 

This refinement again contributes to decreasing the costs, 
because direct modulation is less expensive than external modu- 
lation. However, external modulation is capable of providing a 
higher signal quality. Exploiting these different modulation 
schemes allows to establish less expensive communication links, 
where affordable, and higher signal quality links, where de- 
sired. This refinement is again particularly useful, if the 
corresponding modulation schemes are combined onto a single 
fiber, although not all of the above-mentioned modulation for- 
mats can be achieved with less expensive direct modulation. 

In a further refinement, the plurality of modulation schemes 
comprises a plurality of different carrier wavelengths for 
modulation . 

Of course, it is an inherent characteristic of a DWDM system to 
use different carrier wavelengths in the modulation process for 
separating the communication channels. In the context of the 
present invention, however, the different carrier wavelengths 
are selected as a function of the signal impairment character- 
istics, i.e. a specific message might be modulated on either 
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this carrier wavelength or that carrier wavelength depending on 
the signal impairment characteristics determined. This feature 
is particularly useful in order to compensate for signal im- 
pairments varying with time or operating condition. 

In a further refinement, the plurality of modulation schemes 
comprises a plurality of different bit rates. 

Again, transmission of signals having different bit rates is 
generally known per se . In the context of the present inven- 
tion, however, this feature means that the bit rate is selected 
in accordance with the signal impairment characteristic deter- 
mined. This refinement is again particularly useful in order to 
compensate for time varying or otherwise varying impairment 
conditions . 

It goes without saying that the features mentioned above and 
those yet to be explained in the following may be used not only 
in the respectively stated combination, but also in other com- 
binations or on their own, without departing from the scope of 
the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will now be described in more detail with refer- 
ence to the drawings, in which: 

Fig. 1 shows a simplified (partial) block diagram of a new 

communication network, and 
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Fig. 2 shows a simplified block diagram of a network element 

in the communication network of Fig. 1. 

In Fig. 1, reference numeral 10 designates a simplified optical 
communication network, which is a DWDM communication network 
preferably. However, the skilled person will recognize that the 
invention is not restricted to DWDM communication networks as 
such, but can be applied to other optical communication net- 
works providing a plurality of network connections. 

The network 10 comprises a plurality of network elements which 
are designated by reference numerals 12, 14, 16, 18 and 20. The 
network elements are connected by optical fiber links 22, 24, 
26, 28. In particular, elements 12 and 20 are connected by a 
direct fiber link 22. Elements 12 and 14 are connected by a 
further fiber link 24 comprising an optical amplifier 30, which 
might be an erbium-doped fiber amplifier (EDFA) , for instance. 
A similar amplifier 32 is arranged in fiber link 26, which is 
connected to fiber link 24 by means of an optical Add-Drop- 
Multiplexer (OADM) . Element 14 is also connected to OADM 34. 

Likewise, a second OADM 36 is connected to the other end of 
fiber link 26, and it further connects to a fiber link 28 and 
to element 16. Finally, fiber link 28 terminates at element 18 
in this simplified and exemplary embodiment. 

For sake of clarity, fiber links 22-28 are shown here "in a 
simple line" . However, the skilled person will readily appreci- 
ate that these fiber links typically include two separate fi- 
bers, one for each direction of transmission (back and forth) 
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Reference numerals 38 and 40 indicate two exemplary network 
connections. Network connection 38 illustrates a connection for 
a communication between element 12 and element 18 across fiber 
links 24, 26, and 28 including optical amplifiers 30, 32 and 
OADM 34, 36. Network connection 40 illustrates a communication 
between element 12 and element 14 across fiber link 24 includ- 
ing optical amplifier 30 and OADM 34. The two exemplary network 
connections might suffer from individual and different signal 
impairment characteristics , which are illustrated as arrows 
designated by reference numerals 42 and 44. 

In Fig. 2, network element 12 is schematically shown in a sim- 
plified block diagram. The network element 12, which is also 
referred to as node 12 here, comprises several implementations 
of the invention for illustrative purposes. It should be under- 
stood, however, that not all of the implementations described 
in the following are required in specific embodiments. 

Network element 12 comprises a (first) multiplexer 50 and a 
demultiplexer 52. Multiplexer 50 is connected to a fiber 24a 
for transmitting optical communication signals across fiber 
link 24. Demultiplexer 52 is likewise connected to a fiber 24b 
for receiving optical communication signals across fiber link 
24. Multiplexer 50 is further connected to a plurality of 
transmitters, which are designated by reference numerals 54, 
56, 58, 60, 62. Transmitters 54-62 employ a plurality of modu- 
lation schemes. For instance, transmitter 54 (and further 
transmitters not specifically shown here for sake of clarity) 
might be implemented as NRZ transmitters, transmitter 56 (and 
further transmitters) might be implemented as RZ transmitters, 
transmitter 58 (and further transmitters) might be implemented 
as PSBT transmitter, and transmitter 60 (and further transmit- 
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ters) might be implemented as DPSK transmitter. It goes without 
saying that transmitters 54-62 are implemented to operate with 
different carrier wavelengths such that multiplexer 50 is capa- 
ble of multiplexing the output signals of transmitters 54-62 
having individual and different modulation schemes onto the 
single output fiber 24b. A simplified illustration of the mul- 
tiplexed output signal having channels with different modula- 
tion schemes 64, 66 is shown at the output of multiplexer 50. 

Furthermore, demultiplexer 52 is connected to a plurality of 
receivers 70, 72, 74, 76, which likewise comprise receivers for 
NRZ , RZ, PSBT, and DPSK. According to a preferred embodiment, 
receivers 70, 72, 74 are multi standard receivers capable of 
demodulating NRZ, RZ and PSBT, while receiver 76 (and further 
receivers not shown here for sake of clarity) is a specific 
receiver for DPSK. 

Optical fiber link 22 is likewise connected to a (second) mul- 
tiplexer 80 connected to a plurality of various transmitters 
82, 84, 86. 

For illustrative purposes, network element 12 further comprises 
a third multiplexer 90 multiplexing incoming message signals 
from a plurality of message sources for further transmission. 

Finally, network element 12 comprises a light path provisioning 
unit designated by reference numeral 100, which unit comprises 
a memory 102 adapted to store parameters corresponding to the 
impairment characteristics of the network connections avail- 
able. In a preferred embodiment, the network parameters might 
comprise a distance information associated with the respective 
network connections . 
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According to one aspect of the invention, a source message 
signal to be transmitted might be distributed by the light path 
provisioning unit 100 to one from the plurality of transmitters 
54-62, 82-86. Depending on the selected transmitter, the source 
message signal will be modulated with an individual modulating 
scheme and transmitted accordingly. The modulating scheme and 
thus the respective transmitter is selected as a function of 
the signal impairment characteristic determined from memory 
102, for instance. 

In order to illustrate different impairment characteristics, 
network connections 38 and 40 of Fig. 1 might be considered. 
While the signals traveling along network connection 38 have to 
pass several optical amplifiers 30, 32 and several OADM 34, 36, 
the optical signals traveling along network connection 40 only 
have to pass optical amplifier 30 and OADM 34. Thus, the re- 
spective optical signals are affected differently and in accor- 
dance with their destination. Since the distance between ele- 
ments 12 and 18 is longer than the distance between elements 12 
and 14, it is most likely that the optical signals traveling 
along network connection 38 are more severely impaired by chro- 
matic and polarization mode dispersion than the signals travel- 
ing along network connection 40. Accordingly, it is preferred 
to select a more robust modulation scheme for the signals trav- 
eling along network connection 38 than for the signals on net- 
work connection 40. 

Additionally, it might be the case that the quality of the 
signal transmission between elements 12 and 16 needs to be 
better (higher) than the quality of the transmission between 
elements 12 and 14. Therefore, optical channels intended to 
travel to element 16 might be processed with an external modu- 
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lation, while optical signals traveling to element 14 might be 
modulated with less expensive direct modulation. 

Likewise, bit rates and/or carrier wavelengths might be se- 
lected in accordance with optimum transmission characteristics. 

The new approach allows to deal with poor transmission condi- 
tions in the network without adding new amplifiers or expensive 
compensating devices. Thus, it is proposed an inexpensive ap- 
proach to improve and upgrade existing optical networks. 
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